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p^IT^nT HMD OF THE INVMIIQN 
1 The Field of the Invention 

,002) The present invention generally relates to electrieal circuits, and more 
specifically, relates to electrical circutts for improving bias connections within electrical 
eircuits adapted to accommodate alternating current and direct current signals. 



2. The Relevant Technology 

,003] Fiber optics are increasingly used for transmitting voice and data signals, such 
as ^communication signals, broadcast programming signals, multimedia signals, or the 
| . = like As a transmission medium, light provides a number of advantages over tradifiona. 
I Pll j electrical communication techniques. For example, light signals allow for extremely high 
Ijfc transmission rates and very high bandwidth capabilities. Additionally, light signals are 
lllll resistant t „ electromagnetic interference that would otherwise interfere with e.eettical 

signals. Light also provides a more secure signal because i. does not emanate the type of 
high frequency components often experienced with conductor-based electrical signals. 
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Light also can be conducted over greater distances without the signal loss typically 
associated with electrical signals on copper conductors. 

[004] The light signals are conducted using the principles of refraction and reflection to 
effectively trap the light signal within an interior of optical fibers. Because the light 
signals are trapped within a particular fiber, many fibers can be included in a single cable 
without concern about interference from the light signals carried by nearby fibers. Optical 
fibers also have the property of strongly rejecting interference that would otherwise be 
caused by radio frequencies and electromagnetic radiation. These characteristics make 
optical fibers ideally suited for many applications. 

[005] While optical communications provide a number of advantages, the use of light 
as a transmission medium presents a number of implementation challenges. In particular, 
the data carried by a light signal must be converted to an electrical format when received 
by a device, such as a network switch. Conversely, when data is transmitted to the optical 
network, it must be converted from an electronic signal to a light signal. A number of 
protocols define the conversion of electrical signals to optical signals and transmission of 
those optical signals. For instance, one protocol is implemented using a transceiver 
module at both ends of a fiber optic cable. Each transceiver module typically contains 
§ z = laser transmitter circuitry capable of converting electrical signals to optical signals, and an 

w O UJ ^ 

Q 1 U 1 1 optical receiver capable of converting received optical signals back into electrical signals. 
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3 lis 15 The laser transmitter circuitry includes a laser driver that causes a laser diode of the 

transceiver to generate the optical signal representation of the electrical signals. Often, a 
flexible circuit connects the printed circuit board (PCB) containing the laser driver to the 
laser diode, or more generally an optical assembly containing the laser diode. 
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[006] To operate correctly, the laser diode of the transceiver is supplied with both a 
controlled direct current (DC) bias current and an alternating current (AC) modulation 
current; the DC bias current allowing the laser diode to properly respond to the AC 
modulation. Various manners are known to combine AC and DC signals, however, optical 
networks have specific size, speed, and voltage requirements that limit the applicability of 
typical techniques. For instance, typical Bias T circuits used to combine AC and DC 
signals are impractical for use in small form-factor pluggable transceivers, such as those 
used in optical communication systems. Traditional Bias T circuits use large inductors that 
are impractical for use in a transceiver because of the size of the components involved. In 
addition, when a Bias T circuit is used, impedance matching issues associated with signal 
reflection at the laser diode arise because the inductor is located remotely from the laser 
diode. 

[007] Alternative transceiver circuits utilize resistive dividers to control the AC and 
DC signals delivered to the laser diode. Unfortunately, resistive dividers lead to a tradeoff 
between inefficient delivery of AC modulation signals to the laser diode and the use of 
large resistors in the DC bias chain, which in turn requires large supply voltages and 
results in a transceiver with high power consumption. 

[008] Effects of the above are heightened when the transceiver modulates optical 
signals at a high rate. In high speed transceiver designs, 10 Gigabits/s, or the like, 
microwave design considerations often require the placing of matching resistors or 
impedances very close to the laser diode. In many cases, the flexible circuit connecting the 
PCB containing the laser driver and the optically assembly includes impedance-controlled 
lines for the high-speed signals. To perform series matching, the matching resistors or 
impedances are placed on the flexible circuit at the end near the laser diode and the 
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combined AC modulation signal and DC bias circuit flows through this resistor or 
impedance and the laser diode, as illustrated in Figure 1 . 

[009] As shown, the circuitry 10 includes a laser driver 12 that supplies high-speed 
electrical modulation needed for a laser diode 16. To allow proper operation of the laser 
diode, circuitry 10 includes DC bias circuit 14. Impedance matching resistors 18a and 18b 
are located at the end of lines 20a and 20b near laser diode 16 to prevent loss and signal 
distortion associated with signal reflection. In this configuration, in the series resistance 
the bias chain of bias circuit 14 must be made large enough that the portion of the AC 
modulation signals being lost in DC bias circuit 14 is relatively small. Since the resulting 
resistors in the bias chain, resistors 22, 18a, 18b, and 24, are relatively large, the voltage 
drop through this network can be relatively large. 

[010] As a consequence of the above, many existing circuits require voltages in 
of 5V typically provided by an external voltage source. Obtaining these increased 



excess 



voltages is difficult for transceivers with 5V external supplies, the typical supply voltage 
provided to small form-factor pluggable transceivers. Furthermore, the impedance 
matching to bias circuit 14 is often poor and leads to reflections that degrade the optical 
output signal generated by laser diode 16. 
& « = [011] It would be an advance, therefore, to provide systems and devices that allow for 

the combining of AC and DC signals, while eliminating the need for internally increasing 
lllHi the supply voltage to accommodate for voltage losses in the transceiver circuitry and 

maintaining the quality of the AC modulation signals delivered to an optical assembly that 
generates the light signals propagated along optical fibers. 
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RRTF.F SUMMARY O F THE INVENTION 
[012] These and other problems in the prior art are addressed by embodiments of the 
present invention, which relates to electrical circuits for improving bias connections within 
electrical circuits adapted to accommodate alternating current and direct current signals. In 
an illustrated embodiment, the electrical circuit reduces the bias voltage needed to bias the 
AC modulated signals created by driver circuitry associated with a transceiver module. 
[013] In one embodiment, the present invention is associated with a transceiver 
module used to transmit and receive optical or light signals. The transceiver module 
includes various electronics that create modulated signals representative of data to be 
transmitted using an optical fiber. Additional components and circuits of the transceiver 
convert the modulated signals into optical or light signals that are propagated along an 
optical fiber. The circuitry of the transceiver module delivers the modulated signals to an 
optical assembly of the transceiver, while reducing the voltage needed to operate the 
optical assembly of the transceiver. More specifically, the circuitry configuration reduces 
the bias voltage used to bias a portion of the circuitry, thereby reducing the transceiver's 
overall power consumption, eliminating the requirement to internally increase an 
externally supplied voltage to accommodate for voltage losses within the transceiver 
% 2 = circuitry, and increasing the quality of the signals output by the optical assembly. 
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SfHil [014] The above can be achieved, in one embodiment, by providing a flexible circuit 
5 1 1 9 1 6" that connects the driver circuitry and the optical assembly. In addition, the flexible circuit 

connects a voltage source and associated bias circuit to the optical assembly to enable 
biasing of the modulated signals generated by the driver circuit. By connecting the driver 
circuit and the voltage source to the optical assembly in a particular configuration, the 
flexible circuit aids in reducing the bias voltage needed to bias the modulated signals. 
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or more 



[015] In one illustrative configuration, the flexible circuit includes one or more first 
transmission lines, each being adapted to deliver modulated signals from the driver 
circuitry to the optical assembly. These first transmission lines can optionally include one 
matching impedances that minimize the potential for reflection of the modulated 
signals. Connected to the first transmission lines are one or more second transmission 
lines that carry the bias voltage from the voltage source. By connecting these second 
transmission lines at a point on the first transmission lines that is in close proximity to the 
optical assembly, a smaller bias voltage is needed than is typically used in the prior art. 
For instance, when each first conductor or transmission line includes a matching 
impedance, the second transmission lines are connected at a point on each of the first 
conductor or transmission lines between the matching impedance and the optical assembly. 
Consequently, the bias voltage needed is reduced because the impedance associated with 
the second conductor or transmission line is not in series with the matching impendence, as 
is typically the case in prior art transceiver circuitry. 

[016] These and other objects and features of the present invention will become more 
fully apparent from the following description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. 
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rrtff DESCRIPTION HF THE DRAWINGS 
[017] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof that are illustrated in the appended drawings. It is 
appreciated that these drawings depict only typical embodiments of the invention and are 
therefore not to be considered limiting of its scope. The invention will be described and 
explained with additional specificity and detail through the use of the accompanying 
drawings in which: 

[018] Figure 1 illustrates a prior art embodiment of a flexible circuit adapted to 
connect a laser driver and a laser diode; 

[019] Figure 2 illustrates one embodiment of a transceiver configured in accordance 
with one aspect of the present invention; 

[020] Figure 3 illustrates a schematic block diagram of a portion of the transceiver 
configured in accordance with one aspect of the present invention depicted in Figure 2; and 
[021] Figure 4 illustrates an exemplary circuit schematic of a portion of the 
transceiver configured in accordance with one aspect of the present invention depicted in 
Figure 2. 
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[022] Reference will now be made to the drawings to describe exemplary 
embodiments of the invention. It is to be understood that the drawings are diagrammatic 
and schematic representations of the exemplary embodiments, and are not limiting of the 
present invention. 

[0231 In general, the present invention relates to systems and devices that deliver 
modulated signals to an optical assembly of a transceiver, while reducing the voltage 
needed to operate the optical assembly of the transceiver. More specifically, embodiments 
of the present invention reduce the bias voltage used to bias a portion of the transceiver 
circuitry, thereby reducing the transceiver's overall power consumption. The transceiver's 
power dissipation is reduced through lowering the supply voltage and lowering the power 
level of the alternating current (AC) modulation signals generated by driver circuitry of the 
transceiver. 

[024] By lowering the bias voltages used in the transceiver circuitry, embodiments of 
the present invention also eliminate the requirement to internally increase an externally 



supplied voltage to accommodate for voltage losses within the transceiver circuitry. 
Consequently, the present invention eliminates the need for an internal voltage doubler or 
% z = the like to increase the input voltage to an appropriate level that accommodates for voltage 
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\ 1 1 1 1 i [025] Furthermore, the present invention increases the quality of the signals output by 

the optical assembly. This is achieved by reducing signal reflections within the transceiver 
circuitry through decreasing impedance values needed to perform impedance matching. 
Consequently, embodiments of the present invention enable the creation of compact, high- 



speed transceivers. 
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[026] Reference is first made to Figure 2, which illustrate a perspective view of one 
presently preferred embodiment of an optical transceiver module, designated generally at 
100. As the name suggests, transceiver module 100 both transmits signals and receives 
signals. Consequently, and as will be described in greater detail hereinafter, transceiver 
module 100 delivers optical signals to an optical fiber (not shown) and receives optical 
signals from an optical fiber (not shown). The term "transceiver" refers to a device that 
can both transmit one or more signals and receive one or more signals. The invention is 
also applicable to optical transmitters that are not integrated with an optical receiver. 
[027] In the illustrated example of Figure 1, module 100 has a base portion 102 that is 
configured to support and retain a printed circuit board 104. In this example, the circuit 
board 104 accommodates transceiver electronics 106, including transmitting electronics, 
receiving electronics, such as a laser driver, optical electronics, or the like. Although 
reference is made to specific circuitry and components of module 100, it is understood by 
one skilled in the art in light of the teaching contained herein that printed circuit board 104 
can include any circuitry or components depending on the type of optical module being 
used. 

[028] Also formed on the printed circuit board 104 is an exposed edge connector 110. 
S « = The edge connector 1 10 is configured to be electrically compatible with a corresponding 
1 P 6 i i electrical connector (not shown) that is positioned within the port of a host device, such as 
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g ||2|g a computer device or other hardware device. Other connector schemes that are well known 
l^iil in the art in light of the teaching contained herein could also be used. 



* [029] In the illustrated embodiment, disposed near printed circuit board 104, at the end 

opposite to edge connector 110, are two flexible circuits 118 and 120 that connect printed 
circuit board 104 to an optical transmitter 112 and an optical receiver 114 respectively. 
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The flexible circuits 1 16 and 1 18 include one or more conductors 122 sandwiched between 
a first insulating layer and a second insulating layer; each insulating layer acting as a 
dielectric to prevent the extraneous transmission or conduction of signals. The conductors 
provide a path for signals, current, and voltage to flow between optical transmitter 116, 
optical receiver 1 18, and printed circuit board 104. 

[030] In addition to functioning to provide a path for signal currents, each of the one or 
more conductors 122 can include one or more impedances, such as matching impedances, 
to aid with reducing the effects of signal reflection. As signals from printed circuit board 
104 are delivered to optical transmitter 1 12, in one embodiment, reflection losses can occur 
due to discontinuities in conductors 122 or transmission lines between printed circuit board 
104 and optical transmitter 112. These losses result in degradation in the quality of the 
signals received by optical transmitter 1 12 and a resultant degradation in the quality of the 
signal propagated along the attached optical fiber (not shown). Including matching 
impedances within flexible circuit 1 16 and 1 18 can minimize these reflection losses. 
[031] The optical transmitter 1 12, connected to flexible circuit 116, is part of an optical 
assembly that generates optical or light signals representative of the signals received from 
printed circuit board 104. Illustratively, optical transmitter 112 can be laser diode, a light 
S , = emitting diode, or the like. For example, printed circuit board 104 can generate alternating 
S 1 i 1 1 1 current (AC) modulated signals that are deliverable to optical transmitter 1 12, which in 

C O < H x . 

5 1 S 1 1 1 turn generates optical or light signals that can be propagated along a connected optical 

fiber (not shown). Similarly, optical receiver 114 forms part of an optical assembly that 
receives optical or light signals from an optical fiber (not shown) and generates electrical 
signals representative of the receives signals. Illustratively, optical receiver 114 can be 
PIN or avalanche photodiode combined with a transimpedance amplifier. 
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[032] The optical fibers (not shown) connect to module 100 through a connector portion 
130 positioned at one end of base portion 102. The connector portion 130 defines a 
receptacle configuration 132 that operatively receives a corresponding modular fiber 
connector configuration, such as is typically used to interface with an optical fiber cable. It 
will be appreciated by one skilled in the art in light of the teaching contained herein that 
the receptacle could be implemented to accommodate any one of a number of different 
connector configurations, depending on the particular application involved. 
[033] Referring now to Figure 3 , illustrated is a schematic representation of a portion of a 
transceiver module 200, which can be the same as module 100. This particular portion of 
transceiver module 200 is configured to generate, deliver, and/or convert electrical signals 
to optical or light signals capable of being propagated along an optical fiber. 
[034] Illustratively, transceiver module 200 includes a flexible circuit 212, similar to 
flexible circuits 1 16 and 1 18 of Figure 2, connecting a driver circuit or circuitry 210 to an 
optical assembly 214. As mentioned above, flexible circuit 212 provides several functions. 
Firstly, flexible circuit 212 provides a mechanism for delivering AC modulated signals to 
optical assembly 214 in a manner that simplifies the fabrication process of transceiver 
module 200. Further, as will be described in more detail hereinafter, flexible circuit 212 

w 2 = provides a mechanism through which AC modulation signals are delivered to optical 

u ° S s s 



Q I assembly 214, while operating voltage needs of transceiver module 200 are reduced. 

^ S S 1 1 5 

lisSB Moreover flexible circuit 212 provides a mechanism to reduce the bias voltage of 

- rn t- UJ 5 

transceiver module 200, thereby reducing the overall power consumption of transceiver 
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module 200. 



[035] As illustrated, flexible circuit 212 has a proximal end 216 connected to driver 
circuit 210 and a distal end 218 connected to optical assembly 214. The flexible circuit 
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212 includes two transmission lines 220 and 222 that connect driver circuitry 210 to 
optical assembly 214. These transmission lines 220 and 222 enable AC modulated signals 
created by driver circuitry 210, based upon inputs received through edge connector 110 
(Figure 2), to be delivered to optical assembly 214. The optical assembly 214 converts the 
AC modulated signals into corresponding optical or light signals that are propagated along 



one or more 



optical fibers (not shown) connected to transceiver module 200. 



[036] The driver circuitry 210 is one example of structures capable of performing the 
function of means for generating one or more modulated signals. Various types of driver 
circuitry and means for generating are known to those skilled in the art in light of the 
teaching contained herein. For instance, and not by way of limitation, driver circuitry and 
means for generating can be an analog driver or a digital driver. Further, the particular 
driver circuitry and means for generating can vary based upon the particular wavelength of 
light, the modulation speed required of the transceiver module, the costs of the transceiver 
module, or the like. 

[037] Similarly, optical assembly 214 is one example of structures capable of performing 
the function of means for generating one or more optical signals. Various types of optical 
assemblies and means for generating one or more optical signals are known to those skilled 
« . = in the art in light of the teaching contained herein. For example, and not by way of 
1 P 1 1 1 limitation, optical assembly, and means for generating one or more optical signals, can be a 



1 |I °3 1 o laser diode, as represented in Figure 4. In another configuration, the means for generatmg 



one or more optical signals can be a light emitting diode (LED), a laser diode, or the like, 
with associated circuitry. 

[038] Referring still to Figure 3, in addition to including transmission lines 220 and 222, 
flexible circuit 212 includes transmission lines 224 and 226 for delivering a bias current 
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from a voltage source 230 to optical assembly 214. In prior art transceivers, such as 
illustrated in Figure 1, the bias current was delivered along the same transmission line(s) as 
the AC modulated signal. Consequently, when matching impedances were need to reduce 
the effects of reflection, the bias current passed through both the resistance associated with 
the voltage source, the transmission lines connecting the voltage source to the flexible 
circuit, the flexible circuit, and the matching impedances, resulting in the need for 
internally increasing the externally supplied current to attain the desired biasing affect. 
[039] The flexible circuit 212 of the present invention, however, uses separate 
transmission lines 224 and 226 to deliver the bias current to optical assembly 214. These 
separate transmission lines 224 and 226, as schematically shown, connected to 
transmission lines 220 and 222 at the distal end of flexible circuit 212, i.e., at a distal end 
of each transmission line 218 and 220. This connecting point can be, in an electrical sense 
and/or physical sense, as close to optical assembly 214 as is possible. Furthermore, when 
transmission lines 220 and 222 include matching impedances, transmission lines 224 and 
226 connect to transmission lines 220 and 222, respectively, at a point distal to matching 
impedances or at a point between the matching impedances and optical assembly 214. 
[0401 Due to the above configuration, the AC modulation signal is efficiently delivered to 
optical assembly 214 because the bias circuit appears as a large load in parallel with a 
small resistance associated with optical assembly 214. Further, since the matching 
impedances are not in series with the bias circuit, the bias supply voltage needed is 
reduced. Additionally, this configuration allows a controlled impedance line for the bias 
current which can be properly terminated at printed circuit board 104 (Figure 2), thereby 
avoiding reflections when high speed signals are delivered to optical assembly 214. 
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[041] Referring now to Figure 4, illustrated is another schematic representation of a 
portion of transceiver module 100, the same portion as schematically illustrated in Figure 
3. Figure 4 depicts an exemplary circuit configuration and components; however, this is in 
no way limiting to the various other configurations and components that can be used to 
perform the desired functions described herein. Like components of those described in 
Figure 3 are referenced by like numerals in Figure 4. 

[042] As shown, a laser driver 250 communicates with a laser diode 252 by way of two 
transmission lines 220 and 222 incorporated within flexible circuit 212. The laser driver 
250 is part of driver circuit 212 of Figure 3 and is capacitively coupled to laser diode 252 
by way of capacitors 254 and 256 that prevent the flow of DC signals to laser diode 252 
from laser driver 250. Each capacitor 254 and 256 is in series with a resistor/impedance 
258 and 260, respectively, which is used to match to the effective impedance of the 
transmission line 218 and 220. For instance, resistors/impedances 258 and 260 can be 
smaller than what would be required in prior art configurations, such as but not limited to 
that illustrated in Figure 1. For instance, impedances 258 and 260 may range from about 
20hms to about 1 5 Ohms. 

[043] Generally, laser driver 250 functions to generate AC modulated signals the cause 
laser diode 252 to produce optical or light signals for delivery along an optical fiber (not 
shown). The AC modulated signals flow along transmission lines 220 and 222 and 
through matching impedances 262 and 264, which have values equal to either the internal 
impedance of laser driver 250 or associated surge impedance associated with transmission 
lines 220 and 222, respectively. By so doing, matching impedances 262 and 264 assist in 
maximizing the signal strength of the AC modulated signals delivered to laser diode 252 
from laser driver 250, while minimizing reflection and distortion of the AC modulated 
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gnals. Matching impedances 262 and 264 may range from about 12 Ohms to about 20 



SI 

Ohms 



[044] Connected to transmission lines 220 and 222 at a point between matching 
impedances 262 and 264 and laser diode 230 are transmission lines 224 and 226. These 
transmission lines 224 and 226 form part of the bias circuit associated with voltage source 
230, such as a DC voltage source. Through connecting the bias circuit to transmission 
lines 224 and 226 at a point distal to matching impedances 262 and 264, transceiver 
module 200 no longer has the bias current in series with matching impedances 262 and 
264. This reduces the total voltage needed for the bias voltage control, thereby eliminating 
the need to increase the supply voltage delivered to transceiver module 200. 
[045] As shown, transmission lines 224 and 226 connect to voltage source (Vcc) 230 and 
current source 270, respectively. Current source 270 regulates the current provided by Vcc 
230. Therefore, it can be understood that placement of current source 270 in connection 
with transmission line 226 is only one possible location. For example, current source 270 
can alternatively be connected to transmission line 224, with voltage source 230 being 
connected to transmission line 226. 

[046] Each transmission line 222 and 224 has an associated resistance, depicted by 
resistors 274 and 276. The values of resistors 274 and 276 can vary depending upon the 
particular resistance desired for each transmission line 222 and 224. For instance, resistors 
274 and 276 can be smaller than what would be required in prior art configurations, such 
as but not limited to that illustrated in Figure 1. For instance, resistors 274 and 276 may 
range from about 20 Ohms to about 25 Ohms. 



-Page 15 - 



Docket No. 15436.51.1 



(047] To more folly illustrate the features and functions of the present invention, example 
values for one or more of the above-referenced transmission lines, resistors, and 
impedances are provided to illustrate the manner by which the present invention delivers 
modulated signals to an optical assembly of a transceiver, while reducing the voltage 
needed to operate the transceiver. Although specific values are provided herein, these are 
considered as illustrative only, with one skilled in the art being able to identify other 
applicable values that would allow a transceiver module to perform the desired functions 
discussed herein. 

[048] With reference to the prior art configuration illustrated in Figure 1, each of the 
referenced transmission lines, resistors, and impedances can have specific values as listed 



in Table 1 
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Table 1 



Component 


Value 


Source Matching Impedance (26) 


13 Q 


Source Matching Impedance (28) 


13 Q 


Matching Impedance (18a) 


20 a 


Matching Impedance (18b) 


20 Q 


Bias resistors (22) 


50 a 


Bias resistors (24) 


50 Q 


Supply Voltage (14) 


>8.5 V 


Laser Diode Impedance (Not Shown) 


5Q 



[049] As can be understood, bias resistors 22 and 24 are 50 Q, while the supply voltage 
14 needs to be greater than 8.5 V to accommodate for voltage losses in the circuitry. 
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Embodiments of the present invention reduce the DC voltage needed, while maintaining 
the functionality of the transceiver. With respect to Figure 4, each referenced transmission 
line, resistance, and impedance can have the specific values listed in Table 2. 



Table 2 



Component 


Value 


Source Matching Impedance (258) 


13 a 


Source Matching Impedance (260) 


13 Q 


Matching Impedance (262) 


20 a 


Matching Impedance (264) 


20 a 


Bias Transmission Line Terminations 
(274) 


25 Q. 


Bias Transmission Line Terminations 
(276) 


25 Q 


Supply Voltage (230) 


5V 


Laser Diode Impedance (Not Shown) 


5Q 



a § 

o < 

7U W 



3 > 



g< 



|3S 

o 1 5 

H U < 
HI 3 

O « 

2 ° E— 

CO 



[050] As can be understood from a comparison between Table 1 and Table 2, the 
transmission line impedances of the circuitry in accordance with the teaching of the present 
invention are smaller than the transmission line impedances of the prior art circuitry 
illustrated in Figure 4. Further, the supply voltage is less than the supply voltage 
associated with the prior art circuitry. With the circuit configuration as illustrated in 
Figure 4 and the above-referenced values, the transceiver module is capable of efficiently 
delivering AC modulated signals to the laser diode without the need to internally increase 
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the supply voltage to accommodate for losses from the impedances and resistances. The 
AC modulated signals are efficiently delivered to the laser diode because the DC bias 
circuit appears as a ~ 25 Q load in parallel with the ~ 2.5 Q half resistance of the laser 
diode. Using this small impedance, i.e., the ~ 25 Q load, no increase in the supply voltage 
is needed to deliver the AC modulated signals to the laser diode. 

[051] Generally, the resistances/impedances of the circuitry depicted in Figure 4 can 
be similar to those that would be required in a prior art device, such as is illustrate in 
Figure 1, with the exception that the transmission line resistors in the bias circuit can be 
smaller. This also results in a smaller DC bias voltage than would be used in the prior art 
circuitry of Figure 1 . 

[052] Consequently, the embodiments of the present invention are capable of 
delivering modulated signals to an optical assembly, such as a laser diode, of a transceiver, 
while reducing the voltage used in portions of the circuitry of the transceiver and 
minimizing the effects of reflection and distortion of the AC modulated signals. In this 
manner, the embodiment of the present invention provide a mechanism by which the size 
of transceiver modules can be minimized, while maintaining the capabilities of generating 
high speed AC modulated signals and associated high speed optical or light signals. 
I 2 = 10531 The present invention may be embodied in other specific forms without 
g \ ! 1 1 i departing from its spirit or essential characteristics. The described embodiments are to be 
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3 |S 3 IB" considered in all respects only as illustrative and not restrictive. The scope of the 

invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of the 
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claims are to be embraced within their scope. 
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